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We studied, using avian embryos, mechanisms
underlying the three-dimensional assembly of the
dorsal aorta, the first-forming embryonic vessel in
amniotes. This vessel originates from two distinct
cell populations, the splanchnic and somitic meso-
derms. We have unveiled a role for Notch signaling
in the somitic contribution. Upon activation of Notch
signaling, a subpopulation of cells in the posterior
half of individual somites migrates ventrally toward
the primary dorsal aorta of splanchnic origin. After
reaching the primary aorta, these somitic cells differ-
entiate into the definitive aortic endothelial cells. This
Notch-induced ventral migration ismediated by Eph-
rinB2 and by an attractant action of the primary aorta.
Furthermore, long-term chasing of cells by trans-
poson-mediated gene transfer reveals that the seg-
mentally provided endothelial cells of somitic origin
in the dorsal aorta ultimately populate the entire re-
gion of the vessel. We demonstrate the molecular
and cellular mechanisms underlying the formation
of embryonic blood vessels frommesenchymal cells.
INTRODUCTION
Most primary blood vessels generated during the early stages of
amniote development form through vasculogenesis. This pro-
cess, wherein mesenchymal cells undergo de novo vasculature
formation (Risau and Flamme, 1995), involves endothelial differ-
entiation, tubule formation, and the three-dimensional assembly
of vessels. The mechanisms of endothelial cell differentiation
have been extensively studied with cultured cells in vitro. In con-
trast, therehavebeenvery fewstudiesconcerning thecellular and
molecularmechanismsbywhich the three-dimensional assembly
is established in the body. Experimental models suitable for
addressing these morphogenetic questions have been limited.890 Developmental Cell 14, 890–901, June 2008 ª2008 Elsevier Inc.Cell lineage studies in avian embryos have elegantly demon-
strated that the dorsal aorta, the first-forming embryonic vessel,
originates from two distinct cell populations, the splanchnic and
somitic mesoderms (Pardanaud et al., 1996). Endothelial cells
derived from the splanchnic mesoderm first form a primary ves-
sel, which subsequently is populated by endothelial cells derived
from somites. This transiently produces two segregated regions,
with the floor and roof of the vessel being occupied by cells orig-
inating from splanchnic and somitic regions, respectively. It has
further been shown that the somite-derived roof ultimately re-
places the original vessel floor of splanchnic origin, which in
turn gives rise to hematopoietic cells (Pouget et al., 2006). In
this way, the aortic endothelium becomes composed entirely
of the cells originating from the somites. However, the mecha-
nisms by which somitic cells are specified to become aortic en-
dothelium and undergo three-dimensional assembly to form the
dorsal aorta remain unexplored.
Several studies have previously shown that Notch signals are
essential for the formation of early vessel structures, in particular
the arteries (reviewed in Coultas et al., 2005; Shawber and Kita-
jewski, 2004). However, since most of these studies were done
by genetic mutant analyses, these investigations did not deter-
mine which cells in what tissues require the Notch signal, or
what kind of cellular behaviors Notch signaling directs during
vessel formation. Notch signaling is also known to be critical
for the formation of early somites, which reside in close vicinity
to the dorsal aorta (Sato et al., 2002). Therefore, it remains unre-
solved whether the vascular defects seen in animals mutant for
Notch signaling were caused directly by defects in vascular
cell precursors or indirectly by aberrant somitogenesis.
To understand the role of Notch signals in aortic formation,
particularly in the somitic contribution to this tissue, we first lo-
calized endogenously Notch-active cells in normal somites of
chicken embryos. We then electroporated into developing so-
mites the plasmid pTP1-Venus, which detects RBPJk-mediated
Notch signals (Kohyama et al., 2005). Venus-positive cells were
found predominantly in the posterior half of each somite, and
they subsequently migrated toward the primary dorsal aorta
and differentiated into endothelial cells. Cells with experimentally
activated Notch exhibited similar behaviors to those seen for
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Notch Mediates Migration of Somitic AngioblastsFigure 1. Visualization of Cells Displaying Endogenous Activity of
Notch Signal
(A and B) A dorsal view of the trunk region of an E2.5 chicken embryo coelec-
troporated with pTP1-Venus and pCAGGS-DsRed2. Venus reporter signals
were largely confined to the posterior half of individual somite (arrows in
[B]), whereas the electroporated cells traced by DsRed2 were randomly dis-
tributed in somites (A). Some Venus-positive cells spanning along the A-P
axis within a somite were attributed to forming myotomal cells (see text).
Boundaries between each somite are indicated by dashed lines. Anterior is
at the top.
(C–E) Histological sections traversing the posterior half of somites of these
embryos at E2.5 (C and D) and E4 (E). Venus-positive cells were found at
E2.5 in a subset of DsRed2-positive sclerotomal population (arrow in [C]
and [D]), and at E4 in the dorsal aorta (arrow in [E, inset]).
(F) The distribution value for control experiments is a ratio of the number of
DeRed2-positive cells located in the dorsal aorta over the total number of
DeRed2-electroporated cells. For pTP-1, the value means a ratio of the num-
ber of Venus-positive cells located in the dorsal aorta over the total number ofDpTP1-Venus. This technique enabled us to show that the migra-
tion toward the primary dorsal aorta is mediated by an attractant
signal emanating from this tissue and that EphrinB2, operating
downstream of Notch, is also required for the Notch-mediated
cell behaviors. Finally, using the technique of Tol2 transposon-
mediated gene transposition (Sato et al., 2007), we could exam-
ine the long-term localization of Notch-activated cells of somitic
origin. These cells, after reaching the dorsal aorta, were seen to
spread within the vessel and ultimately occupy the entire region
of the tissue. Our study depicts sequential events occurring from
the formation of primary aorta to that of definitive aorta, wherein
Notch mediates the segmental specification of aortic precursors
within the somites, migration of these cells toward the primary
aorta, and also their final localization in the dorsal aorta.
RESULTS
Endogenously Notch-Active Cells Were Located in the
Posterior Half of Somites and Subsequently Migrated
toward the Dorsal Aorta
To achieve transgenesis in early-formed somites of chickens,
plasmids need to be electroporated at an earlier stage into
mesodermal cells ingressing from the primitive streak (Sato
et al., 2002). Usually, targeting the anterior portion of the primitive
streak by electroporation results in a successful transgenesis in
the presomitic mesoderm (PSM)/somites specifically (Nakaya
et al., 2004; Sato et al., 2002, 2007; Watanabe et al., 2007), but
some embryos may accidentally receive exogenous genes into
the lateral plate mesoderm that is also the source of primary dor-
sal aorta (Pardanaud et al., 1996; Pouget et al., 2006). Therefore,
in all the experiments performed in this study, the embryos in
which exogenous genes were successfully introduced only into
the PSM/somites were carefully selected for further analyses
while those with introduced genes found in the lateral plate
were discarded, although the latter case was rare (Figure S1,
see the Supplemental Data available with this article online).
To determine where Notch-active cells are located, we elec-
troporated the reporter plasmid pTP1-Venus, which detects
RBPJk-mediated Notch signals (Kohyama et al., 2005), along
with pCAGGS-DsRed2 (CAGGS: ubiquitous promoter; Momose
et al., 1999) into developing somites. At embryonic day 2–2.5
(E2–E2.5) in chicken, while the DsRed2 signals were distributed
randomly within the somites (Figure 1A; n = 28), the Venus sig-
nals were seen predominantly in the posterior edge of individual
somites (Figure 1B). In some specimens, Venus-positive cells
spanned along the anterior-posterior (A-P) axis within a somite,
and this was due to the A-P elongation of the myotome, a tissue
also known to involve Notch signals in its formation (Hirsinger
et al., 2001).
Subsequently, the Venus-positive cells appeared to migrate
ventrally at E2.5 (Figures 1C and 1D; n = 10), and they ultimately
become integrated into the dorsal aorta by E4 (Figures 1E and
Venus-positive cells. This quantification was achieved with 20 transverse sec-
tions for each of four different embryos at E4 (p < 0.001). Error bars represent
SEM.
(G) Immunostaining with antibody detecting a cleaved form of Notch1 in a sag-
ittal section of mouse E9.5 embryo. DA, dorsal aorta; NT, neural tube; NC,
notochord.evelopmental Cell 14, 890–901, June 2008 ª2008 Elsevier Inc. 891
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Notch Mediates Migration of Somitic Angioblasts1F; n = 8; the distribution ratio in the dorsal aorta was 12.2% for
pTP1-Venus and 4.2% for control CAGGS-DsRed2). A similar
population of Notch-activated cells was found in the posterior
edge of somites in mouse embryos, as assessed by staining
with an antibody that specifically detects the cleaved form of
Notch 1 (V1744, Cell Signaling Technology) (Cheng et al.,
2003; Morimoto et al., 2005; Tokunaga et al., 2004; Figure 1G;
n = 5).
Temporally Controlled Activation of Notch in Formed
Somites Restricts the Cells to the Posterior Half
of Somites
To understand how Notch signals direct the specification of
aortic precursors in the posterior somite and their migration to
the dorsal aorta, we experimentally activated Notch signaling
by electroporating a constitutively active form of Notch
(NotchDE) into developing somites (Schroeter et al., 1998).
As previously shown, Notch is known to play roles at multiple
steps during the formation of PSM, ranging from the segmenta-
tion clock to the formation of the intersomitic boundary (Gridley,
2006; Saga, 2007). To circumvent these earlier effects of Notch
overexpression on PSM, we used the tetracycline-dependent
conditional expression method, which was recently optimized
for chicken electroporation (Watanabe et al., 2007) and which
is able to activate the expression of NotchDE after the somites
formed, in a temporally controlled manner.
Embryos were coelectroporated with two plasmids, pTRE-
NotchDE-EGFP (TRE: tet-responsive element) and pCAGGS-
rtTA2s-M2 (rtTA2s-M2: tet-inducible transactivator), followed
by an injection of Dox (doxycycline, an analog of tetracycline)
when the electroporated tissue had developed to somitic stage
I–V (Figure 2A; somitic stage is defined in Stockdale et al.,
2000). Electroporated cells that were originally distributed ran-
domly at the time of Dox administration became progressively
confined to the posterior edge of each somite by 20 hr
(Figure 2B; pTRE-NotchDE-EGFP, n = 23; control pTRE-EGFP,
n = 24). Cells electroporated with pTRE-RBPJk-VP16 exhibited
similar behavior (data not shown).
The posterior restriction of Notch-activated cells can be
caused by selective anterior-to-posterior cell migration, apopto-
sis in the anterior region of the somites, or some combination
thereof. To distinguish between these possibilities, pTRE-
NotchDE-EGFP and the tet-on activator were coelectroporated
with the marker construct pCAGGS-DsRed2 into developing so-
mites. Then, a single somite of somitic stage II was dissected
and subdivided into anterior and posterior halves, each of which
was separately transplanted isotopically into a stage-matched
somite (II) of a nonelectroporated host (Figure 2C; n = 3). By
6 hr post-Dox, NotchDE-EGFP became activated in both the an-
terior and posterior halves. At 20 hr, however, whereas posteri-
orly grafted cells remained intact, the anterior cells vanished.
This disappearance of cells appears to be caused by cas-
pase-3-dependent cell death. Whereas few cells, if any at all,
undergo apoptosis in normal and pCAGGS-EGFP-electropo-
rated control somites, cells exhibiting an activated caspase
3 signal increased in number in pTRE-NotchDE-EGFP-electro-
porated somites (Figure 2D). Furthermore, such apoptosis
occurs predominantly in the anterior half of somite (Figure 2D).
Intriguingly, many of the activated caspase-3-positive cells892 Developmental Cell 14, 890–901, June 2008 ª2008 Elsevier Incwere negative for EGFP, and this phenomenon is discussed
below in an analogy with apoptotic events seen in Drosophila
(see Discussion). Thus, Notch-activated cells preferentially re-
side in the posterior part of the somite because they cannot
survive in the anterior portion.
We also carried out a loss-of-function experiment using the
dominant-negative form of RBPJk (DN-RBPJk) (Chung et al.,
1994) to know whether Notch signal is required for the A-P seg-
regation of cells within individual somites. Tet-inducible activa-
tion of DN-RBPJk resulted in the anterior confinement of cells
within a somite, in a way the reverse of NotchDE activation (Fig-
ure 2B). This segregation might also be attributable to apoptosis
that occurred more frequently in the posterior half than in the
EGFP control (Figure 2D), and also by an undetermined mecha-
nism because we observed dying cells also in the anterior half.
Taken together, Notch signaling is sufficient and also required
to direct the cells to be localized in the posterior half of individual
somites.
Notch-Activated Cells Migrated Ventrally to Participate
in the Formation of Dorsal Aorta
As development proceeded, the posteriorly localized cells elec-
troporated with pTRE-NotchDE-EGFP preferentially migrated
ventrally and participated in formation of the dorsal aorta (Fig-
ures 3D–3F and 3J; the distribution ratio in the dorsal aorta
was 25.2%). In contrast, only a few cells electroporated with
control EGFP were found in the aortic tissue (Figures 3A–3C
and 3J; the distribution ratio in the dorsal aorta was 6.1%). The
migration of somitic cells to and their integration into the dorsal
aorta appear to require the activity of Notch signals because al-
most no cells expressing pTRE-DN-RBPJk-EGFP were found in
the dorsal aorta (Figures 3G–3I and 3J; the distribution ratio in the
dorsal aorta was 0.51%). Consistent with this, we also observed
a distorted formation of dorsal aorta when embryos were cul-
tured in medium containing DAPT, a drug that inhibits the Notch
signal. In these embryos, in addition to the distorted dorsal aorta
whichwas thinner and shorter than the normal one, the formation
of early somitic mesoderm and splanchnic tissue including extra
embryonic vasculature was also severely affected. It was there-
fore difficult to determine the primary cause of these effects
elicited by the DAPT treatment (Figure S2).
At E4, when NotchDE-expressing cells participated in the
aortic formation, a significant number of cells differentiated into
endothelial cells, as revealed by pan-endothelial marker VE-cad-
herin (Cavallaro et al., 2006; Figure 3N) and by quail endothelial
marker QH-1 (Pardanaud et al., 1996) in those cases where quail
embryos were electroporated (Figure 3M). Endothelial differenti-
ation was also observed in those cells which exhibited endoge-
nous activity of Notch (Venus-positive) (Figures 3K and 3L). In
control EGFP-electroporated cells, few cells displayed endothe-
lial markers (Figures 3O and 3P).
Cells positive for either endogenous Notch or activated Notch
also differentiated into smooth muscle cells (smooth muscle ac-
tin [SMA]-positive), and the proportion of SMA-positive cells was
rather higher than that of QH-1-positive endothelial cells
(Figure 3Q). Taken together, these results indicate that a subpop-
ulation of somitic cells activated for Notch signals migrates pref-
erentially toward the dorsal aorta and differentiates into either
endothelial or smooth muscle cells in the aortic tissue..
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Notch Mediates Migration of Somitic AngioblastsFigure 2. Cells Electroporated with NotchDE cDNAWere Confined to the Posterior Compartment of Somites with a Failure of Survival in the
Anterior Half
(A) The tet-on-inducible expression system used for conditional expression of NotchDE. NotchDE-induced cells were detected by EGFP that was bidirectionally
expressed by the tet-responsive (TRE) promoter.
(B) After the administration of Dox solution, the NotchDE-electroporated cells progressively became confined to the posterior halves of somites. By 20 hr post-
Dox, the NotchDE cells were found only in the posterior compartment. In contrast, when electroporated with pTRE-DN-RBPJk-EGFP (DN-RBPJk) in a similar
way, the cells were located predominantly in the anterior compartment.
(C) A single somite was dissected from an embryo that had been coelectroporated with pCAGGS-DsRed2, pTRE-NotchDE-EGFP, and pCAGGS-rtTA2s-M2. Its
anterior and posterior halves (DsRed2-positive cells) were separately transplanted into a host embryo isotopically into somitic stage II, followed by Dox injection.
By 6 hr the expression of NotchDE started to be induced (EGFP-positive cells). At 20 hr post-Dox, whereas the cells remained in the posterior half, the anteriorly
grafted cells vanished.
(D) Immunohistological staining for activated caspase 3 observed at 6 hr post-Dox. In control EGFP-electroporated somites, almost no cells were positive for the
staining. When electroporated with NotchDE, activated caspase-3-positive cells were predominantly found in the anterior half. In DN-RBPJk-overexpressing so-
mites, stained cells were found in both the anterior and posterior compartments, although more nonapoptotic cells were found in the anterior half. The bar in the
graph indicates the number of activated caspase-3-positive cells assessed with four somites for each of five electroporated embryos. Error bars represent SEM.The Dorsal Aorta Attracts Notch-Activated Somitic Cells
We next examined by two alternative approaches whether the
dorsal aorta might selectively attract ventrally migrating endo-
thelial precursors. First, we tested whether the Notch-activated
cells would find their target when grafted to an ectopic location
(Figure 4A). To achieve this, we rotated along the D-V axis a so-
mite in which NotchDE-electroporated cells had been restricted
to the ventral area. Thus, in the grafted somite, NotchDE-acti-
vated cells became repositioned back to the dorsal region. By
6 hr after the graft, a substantial number of cells resumed ventral
migration (n = 4), and these cells were eventually integrated into
the endothelial component of the dorsal aorta by 24 hr (n = 5)
(Figure 4B). In contrast, EGFP-electroporated control cells that
had been distributed randomly in a somite underwent littleDchange in their pattern of distribution even after the D-V rotation
of the somite (Figure 4B; n = 4).
The second approach was to ectopically locate a piece of
dorsal aorta and see whether the Notch-activated somitic cells
in the host would be attracted to this vessel. To do so, the host
embryo was electroporated with pTRE-NotchDE-EGFP prior to
the graft. Following the transplantation of an ectopic aorta, the
host embryo was injected with Dox so that the electroporated
cells were activated for Notch (Figure 4C). After 16 hr, the
Notch-expressing cells were attracted to both the ectopically
placed aorta and the host aorta (n = 4; two representative
specimens are shown in Figures 4D and 4E). Control cells elec-
troporated with pTRE-EGFP did not display such attraction
(Figure 4F; n = 4). The specific attraction of the Notch-activatedevelopmental Cell 14, 890–901, June 2008 ª2008 Elsevier Inc. 893
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Notch Mediates Migration of Somitic AngioblastsFigure 3. NotchDE-Overexpressing Somitic
Cells Migrated Ventrally toward the Dorsal
Aorta, Where They Were Incorporated into the
Dorsal Aorta
The plasmids were conditionally expressed using the
tet-on system in a similar way to Figure 2.
(A–I) Electroporated cells were visualized in transverse
sections by immunostaning with anti-EGFP antibody
(brown). (A–C) Control EGFP-electroporated cells
were distributed randomly in early- (A) andmid- (B) dif-
ferentiating somites at E2.5, and in somite-derived
cells of E4 (C), including a small population of cells
that contributed to the dorsal aorta (J). Compared to
the control, NotchDE-expressing cells preferentially
migrated ventrally (D and E) and eventually were incor-
porated into the dorsal aorta by E4 (F). (G–I) When ex-
pressed with DN-RBPJk, almost no electroporated
cells contributed to the dorsal aorta even in the ante-
rior half of somite that can be identified by the pres-
ence of motor neuron (MN).
(J) Contribution of electroporated cells into the dorsal
aorta was quantitatively presented. The value is a ratio
of the number of EGFP-positive cells residing in the
dorsal aorta over the total number of EGFP-positive
cells in E4 embryos. Twelve histological sections of
each of three different embryos were analyzed. Error
bars represent SEM.
(K–P) Transverse views of E4 quail embryos showing
the electroporated cells with pTP1-Venus (K and L)
or pTRE-NotchDE-EGFP (M and N), which reside in
the aortic region with endothelial markers (QH1 and
VE-cadherin) or smooth muscle actin (SMA). For
both the DNA plasmids, a substantial number of elec-
troporated cells (Venus-positive or EGFP-positive) ex-
hibited QH1 and VE-cadherin (arrows in Ki and Mi),
and occasionally expressed SMA (arrowheads in Kii
and Mii). (O and P) Control with pTRE-EGFP electro-
poration. DIC, images by Nomarski optics. The analy-
ses were repeated three times for each of the con-
structs.
(Q) The ratio of the number of QH1+EGFP+ cells and
SMA+EGFP+ cells. QH1+EGFP+ (36.6%) and SMA+
EGFP+ (63.4%) for pTP-1-venus. QH1+EGFP+
(26.5%) and SMA+EGFP+ (73.5%) for pTRE-Notch
DE-EGFP (n = 5).894 Developmental Cell 14, 890–901, June 2008 ª2008 Elsevier Inc.
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Notch Mediates Migration of Somitic Angioblastscells to the secondary aorta was also quantitatively analyzed as
shown in Figure 4G. The ratio of the number of electroporated
cells integrated into a secondary dorsal aorta over the total
number of electroporated cells was much greater for over-
expression of pTRE-NotchDE-EGFP (13.2%) than for control
with pTRE-EGFP (0.9%) (Figure 4G). Collectively, these findings
suggest that the dorsal aorta produces signals that promote
the migration of Notch-activated endothelial precursors to this
tissue.
EphrinB2 Is Sufficient and Required
for the Notch-Activated Cells to Migrate Ventrally
Previous studies have shown that EphrinB2 is important for me-
diating Notch-dependent arterial differentiation (Krebs et al.,
2004; Lawson et al., 2001; Zhong et al., 2001), although the cel-
lular function elicited by EphrinB2 remains unexplored. Interest-
ingly, we observed that EphrinB2 mRNA was expressed in the
posterior half of individual somites (Figure 5A). In addition, the
expression of EphrinB2 was upregulated by NotchDE overex-
pression (Figures 5B and 5C). To test whether EphrinB2 might
Figure 4. Notch-Activated Cells Were
Attracted to the Dorsal Aorta
(A) A somite where NotchDE-overexpressing cells
had been localized in the ventral region was dis-
sected and transplanted back into a host embryo
with the D-V orientation inverted. Somites of
stages I–IV were used for the transplantation.
(B) The NotchDE-expressing cells (brown) relo-
cated into the dorsal aspect of somite (0.5 hr, n = 3)
resumed the ventral migration and were eventually
incorporated into the dorsal aorta by 24 hr (arrow-
heads, n = 3 and n = 7 for 6 hr and 24 hr, respec-
tively). Such specific attraction did not take place
in control CAGGS-EGFP-electroporated embryos
(n = 9 in total).
(C–E) Ectopic implantation of a piece of dorsal
aorta into a host embryo that had been electropo-
rated with pTRE-NotchDE-EGFP. By 16 hr post-
Dox, NotchDE-induced cells (green in [C], and
brown with arrowheads in [D] and [E]) were at-
tracted to the grafted aorta (asterisk) in addition
to the host one (DA). (D) and (E) show two repre-
sentative specimens out of four operatedembryos.
(F) pTRE-EGFP-electroporated cells as a control
were not attracted to a grafted aorta (n = 3).
(G) Quantitative representation of the ratio of the
number of electroporated cells integrated into a
secondary grafted dorsal aorta over the total num-
ber of electroporated cells. Error bars represent
SEM.
be epistatic to Notch activation in the di-
rected migration of cells, we electropo-
rated EphrinB2 into somitic cells. The
EphrinB2-expressing cells preferentially
migrated ventrally toward the dorsal aorta
and were incorporated into the aortic en-
dothelium (Figure 5D; n = 6). In addition,
EphrinB2-electroporated cells were at-
tracted to an ectopically transplanted
dorsal aorta, the treatment done in
a way similar to Figure 4C (Figure 5E; n = 4). Thus, EphrinB2 is
sufficient to mimic the effects exerted by Notch during the
directed migration of somitic cells. Similarly to the phenomena
described in Figure 3, some Ephrin B2-electroproated cells
also accumulated in the area proximal to the aorta, suggesting
a role for Ephrin B2 in the differentiation of smooth muscle cells
in addition to endothelial cells.
We next testedwhether EphrinB2was required for the function
of Notch by carrying out RNA interference (RNAi) experiments.
The plasmid encoding shRNA directed against EphrinB2 was
confirmed by western blotting to interfere with expression of
transfected Myc-tagged EphrinB2 specifically (Figure 5H). Coe-
lectroporation of pTRE-NotchDE-EGFP with the EphrinB2-
shRNA-encoding plasmid abrogated the aorta-directed cell mi-
gration (Figures 5G and 5I; n = 5), whereas coelectroporation
of pTRE-NotchDE-EGFP along with a control plasmid encoding
scrambled shRNA did not affect the phenotype elicited by
NotchDE (Figures 5F and 5I; n = 4). These results suggest that
EphrinB2, acting downstream of Notch, is necessary for the
Notch-activated cells to migrate ventrally.Developmental Cell 14, 890–901, June 2008 ª2008 Elsevier Inc. 895
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Notch Mediates Migration of Somitic AngioblastsFigure 5. EphrinB2 Mediates Notch-Elicited Cell Migration toward
the Dorsal Aorta
EphrinB2, normally expressed in the posterior edge of individual somites at E2
(A), was upregulated by NotchDE-overexpression ([B]: pTRE-EGFP as control,
[C]: pTRE-NotchDE-EGFP; n = 4 for both). Overexpression of EphrinB2 was
sufficient to cause the somitic cells both to migrate toward the dorsal aorta
([D] at E3, arrowheads; n = 14) and to be attracted to an ectopically grafted
piece of aorta ([E], arrowheads; n = 4; asterisk shows a grafted aorta). (F and
G) The characteristic localization of the NotchDE-electroporated cells in the
dorsal aorta was abrogated by coelectroporationwith DNA encoding EphrinB2
shRNA ([G]; n = 7), whereas coelectroporation with the control plasmid encod-896 Developmental Cell 14, 890–901, June 2008 ª2008 Elsevier Inc.Aortic Endothelial Cells Were Segmentally Provided
from the Posterior Compartment of Each Somite
Since Notch-activated endothelial cells were segmentally ar-
ranged in the aorta in register with the posterior half of individual
somites (Figures 6A and 6B), we needed to determine if the por-
tions of the dorsal aorta adjacent to the anterior half of individual
somites were derived from another source. Accordingly, we next
asked whether the anterior half of a somite might produce aortic
precursors via a Notch-independent pathway. To address this,
we separately examined the fates of anterior (Notch-negative)
and posterior (Notch-positive) halves of a somite. To this end,
we electroporated pCAGGS-DsRed2 to randomly label somitic
cells, together with pTP1-Venus to visualize posterior-restricted
Notch-activated cells (Figure 6C). Subsequently, the anterior and
posterior somite halves were separately transplanted isotopi-
cally into a nonelectroporated host embryo (Figures 6D and
6E). At E4, the posterior-derived cells (DsRed2+/Venus+) re-
sided, as expected, in the dorsal aorta (5.13%) (n = 6; Figures
6G and 6H). In contrast, many fewer cells derived from the ante-
rior somite (DsRed2+/Venus) were found in the aorta (1.28%)
(n = 6; Figures 6F and 6H). Collectively, we conclude that thema-
jority of aortic endothelial cells of somitic origin come from the
posterior half of somites with little or no contribution from the an-
terior halves of the somites. Intriguingly, the posterior-derived
DsRed2+/Venus+ cells were occasionally found in the aorta
underneath the anterior somite (data not shown; see below),
suggesting that the posterior-derived cells may change their
location within the aorta along the A-P axis.
Posterior-Derived Cells Appear to Ultimately Constitute
the Entire Region of Aortic Endothelium along the A-P
and D-V Axes
In the above experiments, Notch-activated cells were found pre-
dominantly in the dorsal region of the aorta at stages earlier than
E4 (Figure 6A), consistent with previous reports (Pardanaud
et al., 1996; Pouget et al., 2006). These reports also showed by
quail-chick labeling that the cells of somitic origin ultimately re-
placed the primary aorta of splanchnic origin, although they
did not address the segmental contribution of somitic cells.
Therefore, it became important in our study to examine the
long-term localization of Notch-activated cells originating from
the posterior somite. However, the conventional electroporation
technique did not allow us to do so because of the transient na-
ture of electroporation. To circumvent this problem, we took ad-
vantage of the stable integration of electroporated genes by
Tol2-mediated transposition, a method recently developed in
our laboratory (Figure 6I; Sato et al., 2007). Briefly, if an expres-
sion cassette is carried by the Tol2 construct of plasmid, this
cassette can be excised and integrated into the chromosome
in the presence of transposase activity. As mentioned earlier,
ing a scrambled sequence did not affect the localization (arrowheads in [F];
n = 6). (H) Specific knockdown of Myc-tagged EphrinB2 expression by Eph-
rinB2-shRNA assessed by western blotting. DF1 cells were cotransfected
with plasmids as indicated (also see Experimental Procedures). (I) Quantitative
representation of a ratio of the number of electroporated cells found in the dor-
sal aorta over the total number of electroporated cells, as assessed with 19
histological sections of 3 different embryos for each construct. Error bars
represent SEM.
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Notch Mediates Migration of Somitic Angioblastsendogenously Notch-active (Venus-positive) cells originating
from the posterior half of the somite were occasionally found in
the dorsal aorta located underneath the anterior somite. It would
be ideal if one could perform a long-term chasing of such pTP1-
Venus-electroporated cells using the Tol2 system. However, it
was practically difficult or unfeasible because Venus-positive
cells, which already composed a small subpopulation of the total
number of electroporated cells (5%), were suspected to be-
come even fewer, given the Tol2-mediated integration efficiency
of the electroporated gene into the chromosome.
We therefore decided to carry out the long-term chasing of the
cells that were activated with NotchDE until E5 or E6. To achieve
Figure 6. Segmentally Derived Endothelial Cells of Somitic Origin Ultimately Occupy the Entire Dorsal Aorta
(A) Transverse sections of an E3 embryo at anterior (a) and posterior (p) levels of three consecutive somites electroporated with pTRE-NotchDE-EGFP. The
NotchDE-expressing cells (brown) residing in the dorsal aorta (asterisk) were segmentally found in resister with the posterior half of each somite.
(B) A lateral view of a similarly manipulated E3 quail embryo, stained in whole-mount for QH1 (the dorsal aorta is shown in red). Laterally sectioned confocal im-
ages were stacked to 50 mm thick to visualize NotchDE-EGFP-expressing cells (Pascal, Carl Zeiss). The cells were found segmentally underneath the posterior
half of each somite in the dorsal wall of the aorta (the ventral wall was distorted in this specimen). Analyses were repeated three times, yielding the same results.
(C) From an E2 embryo that had been electroporated with pTP1-Venus and pCAGGS-DsRed2, an anterior half of somite (DsRed2+/Venus) and a posterior half
(DsRed2+/Venus+) were separately taken and grafted into an E2 host embryo isotopically.
(D and E) Lateral views of transplanted embryos at E4, showing that the transplantation was successful.
(F and G) Transverse views corresponding to the grafted site shown in (D) and (E), respectively. The posterior-derived cells (DsRed2+/Venus+) were localized in
the endothelial component of dorsal aorta (arrowheads in [G]), whereas the anterior derived cells (DsRed2+/Venus) were not (F).
(H) Quantification of the differences in localization of cells in the dorsal aorta. The value represents the ratio of the number of DsRed2-positive cells found in the
dorsal aorta over the total number of DeRed2-expressing cells. Seventeen histological sections of three different embryos were analyzed.
(I) Long-term chasing of NotchDE-expressing cells using the Tol2 transposon-mediated genomic integration technique (Sato et al., 2007). The DNA cassette
flanked by Tol2 sequence is excised from the pT2K vector and transposed into the genome in the presence of Tol2 transposase.
(J–K) Enlarged images of two representative views of a series of 29 transverse sections shown in Figure S3 ([J], #13; [K], #26). A quail embryo was electroporated
with the three plasmids shown in (I) and allowed to develop until E5. Endothelial cells of somitic origin that had been directed to the dorsal aorta by Notch activity
(green) were observed in the vessel adjacent to the posterior half of individual somites, where the cells were located both in the dorsal and ventral regions of the
vessel (K). In addition, these cells spread within the vessel along the A-P axis over the region corresponding to the anterior segment identified with a landmark of
dorsal root ganglion (DRG) (J).
(L) A digital reconstitution of three-dimensional image using 29 transverse sections shown in Figure S3. Three representative views of 3D animation (see also
Movies S1 and S2), semifrontal, ventral, and lateral views, are shown. The positions of the spinal cord (gray), dorsal root ganglia (blue), and EGFP-positive cells
(green) located in the QH1-stained dorsal aorta and intersomitic vessels (red) were digitally processed. In the lateral view, one entire dorsal root ganglion and the
anterior margin of the next-posterior ganglion are seen (arrows). (L0) An enlarged image of the dorsal aorta shown in the lateral view. MN, motor neuron; DRG,
dorsal root ganglion; NT, neural tube; NC, notochord; Sp, spinal cord; ISV, intersomitic vessel; DA, dorsal aorta.Developmental Cell 14, 890–901, June 2008 ª2008 Elsevier Inc. 897
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(encoding transposase), pT2K-CAGGS-rtTA2S-M2 (pT2K: the
vector for Tol2-construct), and pT2K-BI-TRE-NotchDE-EGFP,
to enable the Notch-activated cells to be stably visualized
(Figure 6I). The method of electroporation and the timing of
Dox administration were identical to earlier experiments wherein
tet-inducible vectors were used.
The EGFP-positive cells were found in both the dorsal and
ventral regions of the aortic endothelium at E5 (Figures 6J and
6K and Figure S3) and E6 (data not shown). To obtain a whole-
mount image of the distribution pattern of these cells, we further
carried out a digital processing of three-dimensional reconstitu-
tion using 29 consecutive histological sections that are shown in
Figure S3. Importantly, from E3 onward, Notch-activated cells
occupied progressively more of the region underneath the ante-
rior segment that was identified by a dorsal root ganglion as
a landmark (Figures 6J and 6L, Figure S3, and Movies S1 and
S2, compared to Figure 6B). These results suggest that during
normal development endothelial precursors from the posterior
somite spread within the dorsal aorta along both the D-V and
A-P axes and also that that the entire region of this vessel be-
comes ultimately occupied by the somite-derived endothelial
cells (Figure 7).
DISCUSSION
We have demonstrated how the three-dimensional assembly of
the dorsal aorta is achieved. It was previously shown that the
early dorsal aorta receives cells from two distinct sources,
splanchnic mesoderm and somitic mesoderm (Pardanaud
et al., 1996; Pouget et al., 2006). We have unveiled mechanisms
underlying the somitic contribution at the cellular and molecular
levels. These include the segmental specification of angioblasts
in the posterior somites, the endothelial differentiation of these
cells in the dorsal aorta after migration to this tissue, and the abil-
ity of the somitically derived cells to populate the entire region of
the vessel by replacing the cells of splanchnic origin. Moreover,
Notch signaling plays important roles that have previously been
unappreciated in these processes.
Specification of Angioblasts in the Posterior
Compartment of the Somite
Cells exhibiting an endogenous activity of Notch signal, detected
by the reporter plasmid pTP1-Venus, were observed in the pos-
terior half of individual somites. Since Delta1 is expressed solely
in the posterior half of somites (Sato et al., 2002), it is conceivable
that the small fraction of cells with Notch activation are selected
by the lateral inhibition mechanism, as seen in several other mor-
phogenetic events (Cornell and Eisen, 2005). In addition, the
posterior restriction appears to be achieved by preferential sur-
vival in this region, since Notch-activated cells underwent cell
death when they were forced to localize in the anterior half. In-
triguingly, many of caspase-3-positive cells found in the anterior
half of the somite were negative for EGFP signal. This is reminis-
cent of the phenomena seen in Drosophila where the overex-
pression of reaper, the apoptosis-inducing factor, results in an
increased level of caspase activity with no reaper protein detect-
able. This is explained by the fact that the reaper-induced cell
death takes place too rapidly to detect the reaper protein (be-898 Developmental Cell 14, 890–901, June 2008 ª2008 Elsevier Inccause the cells are dead), whereas the caspase activity remains
for a prolonged period of time even in the cells that have been en-
gulfed by neighboring cells (E. Kuranaga and M. Miura, personal
communication; Kuranaga et al., 2002). Whatever the mecha-
nism is, Notch-activated cells are favored by the environment
provided by the posterior compartment of somite. Remarkably,
this contrasts with the anterior restriction of neural crest cells
in each somite being repelled by the posterior half through the re-
pulsive actions of Eph/Ephrin and Semaphorin/Neuropilin (Gam-
mill et al., 2006; Krull et al., 1997;Wang and Anderson, 1997; also
see Figure 7). This raises the possibility that the coordination be-
tween neural and vascular networks is based on precisely regu-
lated migratory behaviors of neural and endothelial precursors,
respectively, and that these pathways are coordinated by the
A-P specification of each somite.
Cell Migration and Vascular Formation
It was unexpected that Notch-activated cells in somites mi-
grated over a long distance toward the dorsal aorta. Further-
more, we have provided evidence for the first time, to our
knowledge, that the dorsal aorta elicits a long-range signal that
attracts the somitic angioblasts, as revealed both by the ability
Figure 7. A Model Showing a Dynamic Contribution of Somitic Cells
to the Dorsal Aorta
At an early stage where the primary aorta of lateral plate origin (yellow) is pres-
ent, a subpopulation of cells was specified by Notch in the posterior half of so-
mites as endothelial precursors, and subsequently these cells migrate toward
the aorta via attracting actions and reside in the dorsal region of the vessel. The
migration is mediated by Notch and Ephrin B2. These cells then spread along
both the A-P and D-V axes, ultimately occupying the entire region of the aorta,
being concomitant with hematopoietic conversion of the primary endothelial
cells (Pouget et al., 2006)..
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positions (Figures 4A and 4B) and by the ability of ectopically
grafted aortic tissue to attract Notch-activated somitic cells (Fig-
ures 4C–4G). Themolecular nature of this attractant has yet to be
determined. Although a large body of evidence has demon-
strated the role of VEGF in recruiting endothelial cells during an-
giogenesis, VEGF seems unlikely to be the attractant substance
for the migration of somitic cells. VEGF genes are not expressed
in the dorsal aorta at the developmental stages relevant to the
events concerned in this study. In addition, we observed no
Notch-activated cells attracted to VEGF-producing COS cells
implanted into somites (data not shown). Alternatively, EphrinB2
upregulated by Notch (Figure 5C) might interact with Eph(s) ex-
pressed nearby, and these repulsive actions could lead to relo-
cation of cells away from the somite. If this is the case, the distri-
bution of Ephs in the somite should be rearranged dynamically
by the dorsal aorta because again Notch-activated cells were at-
tracted to an ectopically positioned aorta (Figures 4D and 4E)
and also because these cells migrated toward the right direction
even in a D-V rotated somite (Figure 4B). Analyses of forward-
and reverse signaling of Eph and Ephrin are awaited.
Sequential Steps during Aortic Formation
with Two Different Origins of Cells
We have presented evidence that although somite-derived an-
gioblasts are segmentally supplied to the dorsal aorta, these cells
ultimately populate the entire region of this vessel. As shown in
Figure 7, soon after reaching the aorta, the somite-derived cells
reside in the dorsal region of the vessel in register with the poste-
rior half of individual somites. Subsequently, these cells invade
along both D-V and A-P axes by replacing the splanchnic meso-
derm-derived endothelial cells, which in turn give rise to hemato-
poietic cells (Pouget et al., 2006). Thus, the recruited angioblasts
derived from somites undergo dynamic rearrangement within the
dorsal aorta. This also raises the interesting question of whether
interactions within the aortic vessel between the two different or-
igins of mesoderms would trigger the hematopoietic conversion
from the splanchnic origin. This question is particularly important
because these converted hematopoietic cells appear to be the
first blood cells of the embryo proper (Cormier, 1993).
The requirement of Notch signals was also demonstrated for
the formation of dorsal aorta, but not for veins, in zebrafish (Law-
son et al., 2001), although it remains unknownwhether the dorsal
aorta is composed of dual origins in this model animal. On the
other hand, the mouse, another model animal in amniotes, is ex-
pected to employ mechanisms similar to those in chickens dur-
ing the formation of dorsal aorta. However, genetic deletion of
Notch-related signals appears not to cause a fatal defect in aor-
tic formation (Coultas et al., 2005; Shawber and Kitajewski,
2004). One explanation for this possible inconsistency across
the models could be that in the mouse genetic mutants so-
mite-derived aortic cells might indeed be affected, but the failure
of these cells could be compensated for by the primary aorta of
splanchnic origin, which would normally be replaced by that of
somitic origin (Pouget et al., 2006). It would be an attractive
speculation that in higher (amniote) vertebrates the formation
of essential blood vessels such as dorsal aorta is assured by
dual (multiple) origins of cells, where an accidental failure in
one origin could be compensated by the other, a possible advan-Dtage during animal evolution. In this sense, studies are awaited to
see whether Notch is also involved in the formation of splanchnic
mesoderm-derived aorta and of other types of blood vessels,
including arteries and veins.
The present study has demonstrated for the first time, to our
knowledge, that vessel formation involves dynamic migration
and recruitment of angioblasts, and also that a vessel itself elicits
an attractant signal to these cells. Notch plays essential roles in
mediating many of these processes. Such mechanisms found in
this study for vasculogenesis during early development could
also be shared with vascular formation during malignant cancer,
where Notch is implicated to be crucial (Noguera-Troise et al.,
2006), albeit with unknown cellular function. Thus, together
with the previous knowledge that Notch is important for arterial
cellular differentiation, the findings presented here provide novel
insights into mechanisms underlying the recruitment of endothe-
lial precursors and underlying the three-dimensional assembly of
the vasculature system. Last, given the similarities between mi-
gratory embryonic cells found in this study and adult metastatic
cells, studies of embryonic cell migration at the molecular and
cellular levels should be of help in understanding how premeta-
static tumor cells migrate toward their target vessels in a three-
dimensional environment.
EXPERIMENTAL PROCEDURES
Expression Vectors
Notch reporter pTP1-Venus was described in Kohyama et al. (2005). Mouse
NotchDE-6Myc (a gift from R. Kopan) (Schroeter et al., 1998) or DN-RBPJk
(R218H) (a gift from T. Honjo) (Chung et al., 1994) was subcloned into pTRE-
EGFP (commercial name is pBI-EGFP, Clontech). Tetracycline-dependent
transactivator, rtTA2s-M2, was described in Watanabe et al. (2007). The
ORF of chicken EphrinB2 was obtained by RT-PCR using following primers:
50-ATGGCAGCGCGGCGGCGCGACG-30 and 50-TCAGACCTTGTAGTAAATG
TTTGCTGG-30. For the RNAi experiments, the following oligonucleotides were
annealed and subcloned into pSilencer 1.0-U6 (Ambion) (Katahira and Naka-
mura, 2003)—EphrinB2 shRNA (at the position of 140 to 158 of the ORF):
50-GACAAGGATTGGTACTATATTCAAGAGATATAGTACCAATCCTTGTCTTTT
TT-30, 50-AATTAAAAAAGACAAGGATTGGTACTATATCTCTTGAATATAGTAC
CAATCCTTGTCGGCC-30; control shRNA: 50-GCAATGACGCAGGTGACCA
TTCAAGAGATGGTCACCTGCGTCATTGCTTTTT-30, 50-AATTAAAAAAGCAAT
GACGCAGGTGACCATCTCTTGAATGGTCACCTGCGTCATTGCGGCC-30. For
Tol2 tranposase-mediated stable expression, NotchDE was subcloned into
pT2K-BI-TRE-EGFP. The Tol2 transposase system is described in Sato et al.
(2007).
In Ovo DNA Electroporation and Embryonic Manipulations
In ovo DNA electroporation and embryonic manipulations were performed as
described in Sato et al. (2002). Dorsal aorta was dissected from a donor em-
bryo at HH stage 12–13 (Hamburger and Hamilton, 1992) using amicrosurgical
knife (Feather).
Staining for EGFP Signals
Embryoswere fixed in Carnoy’s solution (100%ethanol, 30%chloroform, 10%
acetic acid) and embedded in paraffin wax as described in Sato et al. (2002).
Detection of EGFP signal by anti-EGFP mouse monoclonal antibody (Clon-
tech) was performed with NX system (Ventana), an automated staining ma-
chine.
Staining for Cleaved Notch 1
The detection of cleaved Notch1 in mouse and chicken embryos was per-
formed by modifying the method described previously (Morimoto et al.,
2005) to amplify signals. Embryos fixed in 4% paraformaldehyde/PBS over-
night were processed for cryostat sectioning on MAS-coated slide glassesevelopmental Cell 14, 890–901, June 2008 ª2008 Elsevier Inc. 899
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Notch Mediates Migration of Somitic Angioblasts(Matsunami). The specimens were washed in PBS and subsequently auto-
claved in Antigen Unmasking Solution (Vector) for 15 min at 105C, followed
by washing three times each in PBS for 5 min, and in PBST (0.05% Tween
20 in PBS) for 15 min. The sections were treated with 0.3% H2O2 in methanol
for 30 min, and washed in PBS three times for 5 min. After 1 hr of preblocking
with 10% fetal bovine serum (FBS) in PBS, the sections were incubated over-
night at 4C with a 1:500 dilution of anti-cleaved Notch1 (Val1744) rabbit anti-
body (Cell Signaling Technology) in 10% FBS/ PBS. They were washed three
times in PBS and incubated with EnVision anti-rabbit peroxidase polymer
(Dako) for 30 min. After washing four times in TNT (0.1 M Tris-HCl [pH 7.5],
0.15 M NaCl, 0.1% Tween-20), the sections were color reacted with the TSA
plus Cy3 system (Perkin Elmer) for 5 min at room temperature. The reaction
was terminated by washing three times in TNT, and sealed by FluorSave
reagent (Calbiochem) with DAPI.
Double Staining for QH-1 and SMA
Quail embryos were fixed in 4% PFA/PBS overnight at 4C, followed by prep-
aration of cryostat sections 9 mm thick. After preblocking with 2% skim milk in
PBST for 1 hr, the sections were incubated with a 1:1000 dilution of anti-
smooth muscle actin (SMA) mouse monoclonal antibody (Sigma) in 2% skim
milk/PBST overnight at 4C, and then reacted with anti-mouse IgG-Alexa
647-conjugated goat antibody (Molecular probes) diluted 1:500 in 2% skim
milk/PBST for 2 hr at room temperature. After washing three times in PBST,
the sections were incubated with culture supernatant of QH-1 mouse mono-
clonal antibody hybridoma (DSHB) overnight at 4C, followed by reaction
with anti-mouse IgG-Alexa 568-conjugated goat antibody (Molecular probes)
diluted 1:500 in 2% skim milk/PBST for 2 hr at room temperature.
Double Visualization of mRNA and EGFP Protein
in Histological Sections
RNA probes: a 690 bp fragment of chicken EphrinB2 cDNA was obtained by
RT-PCR using the following primers, 50-AGACCAAGCAGATAGCTGTGC-30
and 50-ACTGGATGTCCATAGTCGCC-30. A 1.3 kb fragment of VE-cadherin
cDNA was obtained from a chicken embryonic EST library (sequenced by
Takara Bio Inc.; Y.T and Y.S., unpublished data). Digoxigenin-labeled RNA
probes were prepared according to the manufacture’s instruction (Roche).
Embryos were fixed in 4%PFA/13MEM (0.1 MMops, 1.8mMEGTA, 1mM
MgSO4,7H2O [pH 7.4]) in PBS overnight at 4
C, followed by preparation of
10 mm cryostat sections. For visualization with fluorescent signals, the speci-
mens were treated with 3% H2O2 in methanol for 30 min, washed three times
for 5min in PBST, and incubated with prehybridization buffer (50% formamide,
53 SSC [0.6 M NaCl, 0.06 M tri-sodium citrate dehydrate {pH 5}], 0.5% SDS
[sodium dodecyl sulfate], 100 mg/ml tRNA [Roche], 100 mg/ml Heparin
[Sigma]) for 10 min at room temperature. The solution was replaced by a pre-
warmed hybridization buffer (ULTRA hyb, Ambion) containing digoxigenin-la-
beled RNA probes and incubated overnight at 65C. The sections were
washed in wash solution 1 (50% formamide, 53 SSC [pH 5], 1% SDS) for
30 min at 65C, in wash solution 2 (50% formamide, 23 SSC [pH 5]) twice
for 30 min at 65C, and in a 1:1 mixture of wash solution 2 and TNT for
5 min at 65C. After washing three times in TNT for 5 min at room temperature,
the specimens were preblocked with 2% blocking reagent (Roche), 20% FBS
in TNT at room temperature for 1 hr, followed by overnight incubation at 4C
with 1:1000 and 1:2000 dilutions of anti-digoxigenin-POD-poly Fab fragments
(Roche) and anti-EGFP mouse monoclonal antibody (Clontech), respectively,
in 2% blocking reagent, 20% FBS/TNT. After washing four times in TNT at
room temperature, the sections were reacted with TSA plus Cy3 system (Per-
kin Elmer) for 5min at room temperature. After washing in TNT, for visualization
of EGFP, the sections were incubated with mouse IgG-Alexa 488-conjugated
goat antibody (Molecular probes) diluted 1:500 in 2% skim milk/TNT for 2 hr at
room temperature. Conventional nonfluorescent in situ hybridization in sec-
tions was performed as described in Nakaya et al. (2004), excluding the step
of Proteinase K treatment for subsequent visualization of EGFP protein by
anti-EGFP antibody staining.
Microscopy and Image Processing
Microscopic images of fluorescent staining were obtained using an LSM5
Pascal confocal laser scanning microscope (Carl Zeiss). For quantification
analysis, images were obtained using an AxioPlanII microscope with Apotome900 Developmental Cell 14, 890–901, June 2008 ª2008 Elsevier Incsystem (Carl Zeiss) and imported into ImageJ (http://rsb.info.nih.gov/ij/). For
a three-dimensional reconstruction of section images, DeltaViewer software
was used (http://vivaldi.ics.nara-wu.ac.jp/wada/DeltaViewer/index.html)
(Yoshida et al., 2007).
DNA Transfection and Western Blotting
DNA cotransfection into DF1 cells (Himly et al., 1998) was performed with
0.75 mg of pCAGGS-EphrinB2-6Myc and 1.5 mg of pSilencer1.0-U6-EphrinB2
shRNA using Lipofectamine 2000 (Invitrogen). Twenty-four hours after the
transfection, DF1 cells were harvested and subjected to western blotting as
described in Watanabe et al. (2007). For protein detection, anti-Myc monoclo-
nal antibody (Santa Cruz), goat anti-b-actin antibody (Abcam), HRP-conju-
gated anti-mouse IgG antibody (Amersham), and anti-goat IgG antibody
(Amersham) were used.
SUPPLEMENTAL DATA
Supplemental Data include three figures and two movies and can be found
online at http://www.developmentalcell.com/cgi/content/full/14/6/890/DC1/.
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